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" Introduction

The_objective of this report is +o evaluate quantitafively the relative
merit of fhrée—componént magnetic data over the total field measurements. At
fhe present time, most magnetic surveys condueted for mapping subsurface
geological structures are limited to measurements cof the totél magnetic field.
This field is cémposed of the main field of the earth and the anomalous field
cuased by crustal magnetized bedies. Since the anomalous field is normally
much less in magnitude than the earth's main field, for all practical purpcoses
it can be assumed to be measured in. the direction of the main fieid. This
kind of oﬁservation with total field magnetometer does not contain any infor-
métion regarding change in direction of the anomalous field in space. This
limitation of the data introduces ambiguities in the results of interpretation
and does not permit a unique determination of any parameter of the causative
bodies without additional geological and geophysical information. Recent
theoretical studies (Bhattacharyya, 1967) indicate that if the thfee-component
maghetic data are evailable, the direction and magnitude of the magnetization
vector can be computed without any assumption on the geometry and orientation
of the causative body.

Measurements of one single component of the magnetic field anomaly over
a horizontal plane contain information about the other components. The
possibility of deriving three-~component data from one-component mesgsurements
was first suggested by Vestine and Davids (1945). Hughés and Pondrom {1947)
showed that the vertical and horizontal anomalies can be obtained as surface
integrals from the measurement of the total field anomaly. In practice, the

development of a numerical method for obtaining three-component maghetic data



from measurements of one singie magnetic component is bhased on transformation
of the total-field data in the frequency dgﬁain. A method for expressing the
data in terms of double Fourier series has been deve;oped (Bhattacharyya, 1965)}.
With the help of this method, Lourenco (1972) and Lourenco and Morrison (1973)
have computed the three-components of the magnetic field from the total field
data obtained over a finite area. Howevér, the accuracy of the calculated
field components depends not only on the numerical method employed but alsc on
the assumed direction of the geomagnetic field. It iz very interesting to study
the effectiveness of the calculated field components in the computation of
the parameters of bodies causing magnetic anomalies.

In the quantit#tive treatment of magnetic data, the first and second
derivatives are usually evaluated. Second derivative mapslare found to be
very useful in approximately delineating the boundary of the causative body.
The objective of the present study is to evaluate the relative merit of three-
compontent magnetie data over total-fleld measurements. Estimates are to be
made of the.errors introduced in computing field components from.total fieid
-déta. The real test of the relative merit of the two sets of data is provided
when fhey are gsed to determine the parameters of disturbing bodies.

In chapter 1 the numerical method and results of obtaining.three
field cbmponents from total field measurements, using double Fourier series
expansion, are presented. The horizontal first and second derivatives of each
component are obtained by the method of bicubic spline interpolatioﬁ and they
are also discussed in the first chapter. The total field data for this study
are computed over a Tinite ares with a 64 x 6k grid peints, using a theoretical
- model of infinite prism. The field components and their derivatives, as

calculated with the total field data, are compared with the exact values and



the shqrfcomings of the Use of the total-field dats are reported.

In the second chapter of this report the expressions for moments of
the anomalous field components over a finite érea are given. The magnitude
and direction of the msgnetization vector gre evaluated with the help of
moments of computed and exact three-component magnetic data for various
érismatic bodies. The results of calcﬁlating the magnitude and difection of

the magnetization vector, using both computed and exact field component data,

are uiscussed in this revort.

| The study-presented in this report shows that the vertical component
of the magnetic field ecalculated from total field observations is more accurate
at higher geomagnetic latitudes than at lower latitudes. The opposite is the
case for the horizontal camponents. The erroré in determining the magnetization
vector directions with the help of calculated field components are significantly
‘large over most of the range of variation of declination and inclination of
the vector. This observation demonstrates conclusively the practical limitations
of computing field components from total field data even under the best of
conditions. The errors, as noted before, will definitely be larger for actual

field observations.
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CHAPTER 1

MAGNETIC FIELD COMPONENTS AND THEIR DERIVATIVES

l. Method for computing field components

4 method for computbing three field components from the total nmagnetic
field observetions as described by Lourenco (1972) and Lourenco and Morriscn
(1973) is presented in this section. Let us adopt a Cartesian coordinate
system such that in the plane of measurement the x-axis points northward, tﬁe
y-axis eastward and the z-axis vertically downward, as shown in Figure 1.

~The ﬁagnitude of the.anomalous magnetic field vector is generally very
small compared to the geomagnetic field vector. This is why the direction of
the resultant of the two vectors is practically invariant over the area of
measurement and is assumed to be the same-as that of the geomagnetic field.
If AV represents the ancmalous magnetic potenﬁial, at all points of free
space it satisfies Laplace's equatiion:
(1-1) v* (av) = 0.
The total intensity anomaly in the direction of the geomagnetic field is given

by the negative derivative of the anomalous magnetic potential:

' AT = - 2 (av
(1-2) o ( )

where t is the unit vector in the direction of the gecmagnetic field.

The field components are given by the following equations:

(1-3) He =~ & (-ﬂV)
(1-k) ' Hy = - rf— (av)
¢y
. Y 3 4
(1-5) Hy = - 2 (&v)

. mé



where H , H and H are the field components along the x, y, and z directions
x> Ty z

respectively.
Since -both AV and AT satisfy lLaplace's equation, the expression for

"the total field anomaly may be writ‘ten' in the following way in terms of a finite

harmonic series expansion:

Ny M2 L, Yo
- ¥l
(1-6) AT (x,y,2) = Z_ Z W om EXP —er(-zi-_- + ——-—) 3 é,xP[gnL(_l__-’E
’ Mz M mz-M/f *
2

where Lx’ Ly are the fundemental wavelengths along x and y axes respectively and
W, is the discrete Fourier Transform of AT.

In practice, the total magnetic field AT(x,y,0) is represented in terms

of & grid of discrete values

ATi = AT (§45 k2),
for j= 6,0, -, M-
k = O, i) 3 -'|
where 3 = grid interval.

Fram the discrete data array ‘éTg'R , we obtain the discrete Fourier
transform

N -

| Mot |
Wiy = ';C]L;; Z Z_ ATy ex}aL 2m4 g-m )]
=0 =

(-7

H_ (x,y,z), (x,y,z) and H_ (x,y,2) can also be represented analytically

in terms of a finite harmonic series expansion

x M/2 Nfz Watrnm

. -

‘ N ) . e

TP e ¢ bz (T 2 ) |-
K

(1-8) y mzonigy, NNy S Wyrm | y

s . ™ "
explamif — + =2 ) .
Ly Ly
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vhere W . W&mn"wzmn are the discrete Fourier transforms of Hx’ Hy and HZ
respectively.
Introducing (1-6) and (1-8) into the equations (1-3), (i-—l.l), and (1-5),

we get the following relationships

w hand A F"ﬁn L 1_ I3 —_ '{’ F";"I I
Ko = - Ty D v‘)f'vﬂ T T
(1_9) ?-‘»—n - ? Tl
Give che W, iy = Py
a Z]'w. - Ty 3

where Em and Fn, angular frequencies along x and ¥ aXes respectively, are

given by
qu - 2”""'1/1_7{_ . F‘r\ = 2_‘J‘r*r~./;___y
is given by :
Pmn 2 L '/1 i/;L
b= oam | m o, M et e
R I R L

and 3&m is given by ' ) ,
?Mfrﬂ = + 4 (O( {{’“+{5 F""')
vhere af, P’ and 4’ are the direction cosines of the geomagnetic field,

i

Por o
It is to be noted that the expressions for W s W » and W zmn 2F€

undefined when m and n are simultanecusly equal to zero. Therefore W xo0 W&oo’

and w have to be calculated by other means as shown in the follow1ng
paragraphs. )
The Fourier transform W(u,v) of a function of two variables F (x,y) is
given by: o .
hf{.LL,‘\/) = ]j F(”x)y) Q)(}:[-eri(t,t'xlﬁ-v)f)] ol e p(y
. w ’
where u and v are the wavemumbers in the x and ¥y directions respectively.

From the above equation, we can obtain the following equation

W(e,e) = /';:(1»,,,) o dy

-



It can be shown (Bhattacharyya 1967) that
/j r-(m)y) ol dy = 1-\.-’( O

Similarly we have W _(0,0) (0,0) = w, (0,0) = 0.
s 1t is impossible to perform the integral over an infinite

c) = ¢.

' In practice
plane and so the integral of the above equation will never be exactly equal

Rewriting the equation in summation forms in terms of s finite grid

to zero.
spacing, we have
: M=1 N}
- 4
M’IOO ) M Z_ le
) J=0 Fkzo
rM-i N-
WYCG = ;__ Z ). H‘”R
3:0 Rz
: . N
!
l\'écb ——-—-—M Z 3"\ -
-':. Rzt

coordinates at the lower left of

Choosing the origin of the Cartesian
H .. szk tend to zero along the boundary,

the map and assuming that H xjk? By
we get the following egquation:

from equation (1-8)
N/3. M/
. - !
"‘rxac - - Z_ Z_ ‘A'X"rn'r\ _
Mz NAy Mz -Mfy
Nf2 /5 5)(0(:'/10!1: M T Mo O
(1-10) Woee = = Wy
Mz Ny Tz oM/
, N/ INTA N
hs:}o = - Z_ o w"§-m"n
LACELVSTS S (Y )
(1- 9) and (1-10)

Thus H, Hy and H can be obtained from equations (1-8),
if the Fourier series expansion of the total field observations is available.



2. Evaluation of field components ™

In this section, the accuracy in calgulating the field components from
the total field data by the method described in the Previous section will be
examined‘witﬁ the help of a theoretical model.

The model chosen is an infinite prismatic body as shown in Figure 1.
The dimensions and the declination and inciination of the magnetization vector
of the prism are:

=16,2b=8,h=3,I=20°,D=0°,IO=60° D = hso |
where 2a and b are the horizontal dimensions along x and y axes respectively,
‘h is the depth to the top of the body. I and D are respectively the inelination
and declination of the-geomagnetic field respectively. It is assumed that the
pfism is uniformly magnetized and the intensity of magnetization is unity.

The exact values of the field components of the prism are computed from

the following equations (Bhattacharyya, 1964).

r

w i
. ! & R +')/
H,. = T [ R ? — -LOA? T h).— _._.Ar,o (
* o Xt rh+ A* £ ( ¢ s, _’)L’
(1-11) , EETew
/*Q 'LC? (’? "f"l"\ ﬁ) Lo ( +ﬁ h-#-fn) Co?__ 6-] /ff-)
n.-.é -
[ Lo ;) & s ¢ PR )
= - .. e £ ol 2 -
where ét=-—a-x ( ‘-'7) 2 ?("’Z~é)+7’ “ ( )c/ﬁ? 2
. 3 ,
€.= a-x
M=t~y

Y2
M.=b -y and L (614- -;?1.;-h1")
IP is the intensity of magnetization of the prism and &« , 4 , ¥ are the

direction cosines &f the magnetization vector.

The totel field component is given by

/ . 7 o
(1-12) AT = &' Hy o+ BH 4 o H,
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b,

vhere ', {5'1 {' are the'direction-cosines of the geomagnetic field.

In practice, the total field anomaly is répresented as discrete samples
over a finite area. The discrete Fourier tranéform of these sampie values is
calculated with the help of the fast Fourier transform (FFT) computer algorithm
(Cooley and Tukey, 1965).

The-anomalous field and its components were computed on a 6k by 64 array
of points with é unit grid interval. All of these computetions were carried out
with the help of & CDC 6h00 computer in the Computer Center, University of
California, Berkeley. |

Figures 2 and 3 show the exact and computed values respectively of the
x~component of the field. The réctangle in broken lines represents the horizontal
croés-section of thé;prism. The large square contains 64 by 64 sample points.

- On the left hand side of each diagram are indicated the declination and inelina-
tion of the geomagnetic field. Triangle represents the point of maximum value
of the fieid.

The anomalies in the two figures are practically identicai. The differences
in the anomalies are noticeable when the field coméonent is about one-hglf of its
maximum value. The exact field attenuates slightly faster than the computed field.

Figures k and 5 show the exact and computed values respectively of the
y-component of the field. Both the figures are practically identical. However,
the computed field in this case falls off a little faster than the exact field
and the discrepancies in the two figﬁres become noticeable at small values of
the field component. .

The characterisitics of Figures 6 and T showing the exact and computed
values of the z-component are also the same as those in the above two figures.

The disparity between the two figures can be seen only when the magnitude falls
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off to sbout one-sixth of the maximum value.

Figures 8 to 10 are the profiles ;loﬁg the N-S and E-W directions
through the maximum responsé points. In éach figuré the éxact and computed
fields are marked by symbols (1) and (2) réspectively. The horizontal
axis of each figure réprgsents thé rélative position on i and y directions.

The vertical axis shows the magnitude of the field component along the profile.
These profiles are useful for camparing the exact and camputed fields in detail.
As noted ih the figures, the ancmalies match remarksbly well near the central
parts where the magnitudes are high. Howéver, in other regions there is

noticeable discrepancy. For the particular model chosen, the match between

the exdct and computed values is the worst in the ease of Hy'

The prismatic model in Figure 1 is assumed to be located at a high geo-
magnetic latitude, Io = 60°, If the model is placed at lower latitudes, it ecan

be safely concluded that the differences between exact and computed z-component

field will increasé. Howévér, bécause of the change in the characteristies of
the anomaly with ééomagnétic latitude, the accuracy in the computation of the
horizontal componenﬁs caﬁnot be predicfed with confidence.

In order to study the effect of the variation of the geomagﬁetic field
alone, all the parameters of the model in Figure 1 are kept fixed and only
Io and Do are changed to 30° and 15° respectively. TFigures 11 - 13 present
the profiles of exact and computed X, Y, Z field components along the N - 8
and E - W directions through the maximum response points. A comﬁarison of
Figures 8 - 10 and 11 - 13 indicates an increase in discrepancy between the

exact and computed values of the field components.

Figures 14 - 16 show the profiles of the field components for a model

with the following parameters:
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h =3, I=1L40° D= ks5°, Io = 30°, DO = 15°

The oﬁjective Tor the choice of this model ﬁés been to determine changes in

the accuracy of the computed fiqld componénts duerto variation in the gecmagnetic
field as well as in the horizontal dimensions of the prism. The effect of higher
inelination of the magnetization vector compensates to a certain degree that of
thé 10W9?‘géomagnetic latitudé in the prééent example. By comparing Figure 8
with Figure 1L and Figure 9 with Figure 15 we find that for g- and y- components
of the field, better results are obtained in the present case than in the first
case. However, for the z- component, the differences between exact and computed

field values near the central part of the anomaly are higher in Figure 16 than

in Figure 10.
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3. Horizontal Gradients of Field Components:

In thé prévious secton, we discussedfthe method for obtainiﬁg the field
Componénts from total fieldlmeasurements using finite harmonic series expansion.
This section déals with the comﬁarison of the horizontal gradients of the
computed fiéla componénts with the exact field gradients. Spatial rfilters were
not uséd fdr thié computation becasue thé first horizontal derivative has an
imaginary résponsé in the frequency domain.

Bhattacharyya (1969} used bicubic splines representing a given set of
Magnetic obgservations for caleculating the horizontal derivatives. This method
is used to computé the derivatives of components. A brief treatmept of this
Iéthod is givén in the following paragraphs.

If a fﬁnction g (i,y) with two variables x and y is given at every mesh

Point of a grid system, such as

then the piecewise bicubic spline function has the following form:

2 3 {’J : ey A
3};.‘ = 2_ Z K (%= 2_,) - (.7“3}‘_;) 5

J M0 M=

(1-13)
where X, 4 % £ . and vy <
ST PRy ~

can be easily computed if the coefficients e are availsble.

men

v £ -}}3. . The horizontal derivatives

i

To determine the coefficients awd s 1t is reguired to know the derivatives

T YL

at the boundary points of each rectangular cell, i.e.,

(1-1k) o bey = 7 (x¢ '3'3') )

(1—15) . Lz% - ﬁ;} (_‘K{ 7 :{:) ?
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(1-16) Ay =3,

: _y(a«;{) "‘73")'

The parsmeters p, g and s can be evaluated by the following steps:

(i) caleulation of Py

. For each of the lines 9‘ = e,1,2,. - -, N ,the first derivatives
Pij should satisfy the equatiori.
~ b R N T =3 . S
(1-17) 141, .’jbco. }L.-i”j 'J(ghw;g ?ﬂﬂ',g‘)?
tz 1,2, Cs M=

At boundaries, when i = 0 and 1 = M, the following condition holds:

(1-18} gx'x (x{ ? AJ';;') =0, f— G; s RN

{ii) ecaleculation of a4

J

The equations for calculating g are similar to those of p. The eguation

is
1-1 T 49 + 9. . =3 N
(1-19) Gl’"ac)‘” cit(} ﬁ,},)gml (ﬁ{)g-ri ?433',1)7'
dz 0,2, - .., N-lI ) 1.2 O, H, R, -, M.

The required condition at boundaries is

(1"20) - ’ i . -— — - s s bt T ( —-
7 3;1?(.{{9‘;5{-)" o + 2 0,4, - My 42 6, N.

(iii) Calculation of slij

~ For computing .s-.ij’ the values of p and q in equation (1-17) and (1-19)

are used.

(a)’ Fov 2 - G, N
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(1-21) - A{M)j +oA Ay .*"5&‘"—!,3 = 3(11““)3«‘— 7., 3);
L= 1,2, p -]
(b) Fer 4 = b, i, -~ > ™M
{(1~22) . A*:-,%f-"l + 4 AL} + A'L\——P) ? =3 ( k.) J“‘ ; - i}{:,):)'-—f) ’
¥= t, 2, s> N~
(e} Fev =, M e J = 0O, N

The above steps are necessary for computing p, g, and s. The détailed
t.reatment is presented by Bhattacharﬁa (1969).

With the help of the values of p, q, and s, it is easy to compute the
coefficients of the piecewise bicubic splines. It is also very straightforward
to calculate the derivatives at each mesh-point, x = Xi 10 ¥ ; yj -1
The equatiqns for computing the exact valueé of the first horizontal

derivatives are obtained directly from equation {1-11) and they are given below:

| o ) |
e e L op , M=) ‘o ¢ NP -
. G -}ﬂ(,_c4.}{")(“|‘4h) ')c("i —+-h) T(é—-*h)
(1-25)  eHy ¢ o | M
YL 1 e + v = -
(s f“[ v, {v,+h) Y, (4 h) ujé ?
1-26) -
( ___!_—_;j. - I}o [_, X _6_22____.__,.__ + ;@ ! — ‘)z h
TR N e T RE (z + A )
and . ‘
TH.. i & . ) - R I I
1-2 — =T ok — + +
( T) ra.y b { R (')"D ~+ f\) fb v, (')" h) ]
(1-28) ¥y _ o [ g CO-A) oy _:1.1_,_] -
vy P S ) g n) (e RY) (g )

'I?L
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B A e
T : . L A - : :
(1-29) e} £ = I, 2 - F' ? Ly 7 &. 2, gy :
Ty Sk v, L (—r;l-f- h) v, (m+h ) -
. . " G
L i

4. Results and Conclusions

‘The exact values of the horizontal derivatives of the field components are
calculated with the help of equations {1-24) - (1-29). The field components
are also obtained from total field observations with the method described in
the previous section. These values éf the field components are used to determine
83 and p, g, and . Then the bicubic spline coefficients in (1-13) are
caleulated. These coefficiénts yield the values of the horizontal derivatives
of the computed field components.

The exact and computed values of the horizontal derivatives for the
ﬁrismatic model in Figure 1 are obtained at equispaced points of a rectangular _
64 x 64 grid system over a horizontal plane. |

Figures 17 and 18 show the exact and cbmputed solutions of ggf respectively.
These'fwo diagrams are almost identieal. Some differences between fhe two
soluticns are nqticeable when the magnitude falls off 4o about one-seventh of
the maximum response, Fig.l9'shows the N ~ S and E - W preofiles of exact and
cémputed solutions. The profiles run through the point of maximum response.

The E - W profile shows the excellent match of exact and computed solutions.

However, there are appreciable differences between the solutions on the K- S

profile. At the'edges, the computed values én the N - S profiles do not vary
smoothly. |

Since E?X}jTZC’ in the plane of obvservation, we have

{1-30) T Hy % Hy

N TR



(2-31) . RHy [ = VHx /3,

(1-32) ?H}/a,} = M/
Because of the€ above relations, it is not necessary to calculate all the horizontal
gradients of the field components.. |
Figures 20 and 21 show the exact and computed values respectively Of ?‘Q/%y.
Figure-22 shows the computed solution of ?}ﬁ,/zga . These three figures are
almost identical. It is interesting to note the closeness of the computed
solutions of 'EHx/$y and E”V/zx' This characteristic can alsc be seen from
the profiles in Figures 23 and Sh.r Alllthe previous diagrams show the discrep-
anciés between the exact and computed soluticns after the magnitudes of the
derivatives fall off to one-teﬁth of their meximum amplitudes. The N - S profiles
contain more discrepancies than the E - W profiles do. For the N - S profile,
the computed solution of'EHx/by is not as smooth as the computed solution of EHwéx'
Figures 25 and 26 show the exact and coﬁputed solutions of 21{5/3:z
fespectively. FigurereT shows the N - 8 and E - W profiles. All these
“three diagrams indicate-that'tﬁe values -are practically identical except in
regions whéré the valués are less than. one-tenth of the maximum amplitude. The
preofiles also indicate that the values of the exact and computed derivatives
are in better harmony in the case of the E - W profiles than they are in the
case of the N -~ S profiles. |
The exact and computed solutions of ?Fg/gyére shown in Figures 28 and 29
regpectively. The profiles aiong the N - 5 direction and E - W’direction are
shown in Figure 30. Similar gquantities arelplotted in Figures 31, 32, and 33
for ?F%/gy;. The results in these diagrams are the same as those in‘the previous
figures. A study of all the plois presented here show thét of all the derivatives

the computed 'EH§/E? has the best mateh with the exact values.
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5. Second Horizontal Derivatives of Field Components

The bicubic spline coefficients, as computed in the previous section for

determining the horizontal gradients of field components, are also used to cal-

culaste the second horizontal derivatives. Data for the dimensions and magnetiza- _

tion of the prismatic body are given in section 1 of this chapter.

For the three components of the field, nine second horizontal derivatives

can be calculated. However, it is known from the derivation in section three

that M= -

T
yz

(1-33)

(1~3h)

Therefore, only seven horizontal derivatives have to be calculated.

However, because of the possibility of inaccuracies in computation, all the

i =

T H,

2 Hy

B TY

From this relstionship we can derive:

t
~
14 ~ y

2 x*

2
T Ho

2

ay

nine second horizontal derivatives have been celculated.

The exact values of the second horizontal derivatives are derived directly

from equation {1-11). The equation of these exact values sre given below:

3
(1-35) —F

(2 &

p
(1-36) Hy
I'xl

(1-37) ...
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P 2
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6. Results and Conclusions

Figures 34 and 35 show the exact and the computed values of ¢ ?kc/bju .
It -is apparent from Figure 35 that only about one—thlrd of the calculated values
which cover the central part of the contoured map, is reliable, However, even
in this central part, the discrepancies between exact and conputed values are
appreciable. Figure 36 presents the N - S and E - W profiles of the computed
and exact values. The profiles give a clear pictufe of how the computed solution
of 31qu/?fil behaves and why along the boundaries of Figure 35 no contour was
~drawn. Since the amplitudes of second derivatives fall off sharply, the smallest
amplitude of reliable data is about one-sixth of the maximum amplitude. Some
differences can be observed even at the center of the diagram. |

Figures 37 and 38 show the exact and computed values of Q}?w)/ifxl .
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Some differences between computed and exe;ct fields a.re- noticeable, even in the
central part of ithe diagram. The computed Inxvlap‘ is not exactly symmeirical. The
two diagrams show good similé,rity until the amplitude of the computed field falls
off to about one-fourth of its maximum amplitudé. Figure 39 shows the computed

-

-3 . . | z " . .
values of ¢ iy /’5753)' . As we pointed out before, ? M /o ¢y is theoretically

2 : ‘ 2 L
equal to ¥ Hy /ox” . However, the computed values of & Hy /% x%  are not
exactly equal to those of 'Eslfi‘x/a-x Gy . Furthermore, the computed 7 Hy foo by
is closer to the exact values than computed ’&ILHy /o JCl, . This characteristic

irs clearly indicatbed in the N - § and the E - W profiles shown in Figures 40 and
1. These two diagrams also indicate the occurrence of the maximum velue at
different points. For the .computecl solution, the maximum amplitude of computed
‘”':)lH:, VAT occurs at the point x = -8, y = -k, vhereas that of '5?1”,(_ /e Ty,
at x = -8, y = 3. |

Figurés k2 and 43 présent the exact and computed values of "E‘-?_H;j VA T
respectively. The fields of ?}1”‘3 /2 ac* | contain two distinct anomalies, one
located at the south end and the other at the north end of the prism. The
computed wvalues are close fo the exact values only near these anomalies. These
ancmalies are also present in Figure Ly,

Figures 45 and U6 show the exact and computed values of 'e)le /% yE .

These two diagrams are ‘practicé,lly identical except for small values of the

k -
contours. The N - 8 and E - W profiles of & #, /‘B-yL are presented in -

-
Figure 48. As mentioned in section 5, % H, /‘byz is theoretically equal
to 75}“-;:/"0;}_’&\/ O ‘ . Therefore, Figure 45 also represents the exact
msp of T*Hy/%x ty . The computed solution of & M, /%x Ty is

shown in Figure W7. Again Figures 45 and U7 are identical. Figure 49 shows the
. .
N - S end E ~ W profiles of ¢ #, /i ¢y - The computed ’ZLHY Tx By is very

close to the' exact values.
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The exact and computed values of ?1Hy/dby1' are presented in
Figures 50 and 51. The difference between t;é two diagrams becomes obvious when
the amplitude drops fo about one-tenth of the maximum. Figure 52 shows the
N-8and E - W’profilés through the maximum. These profiles also indicate the
inaccuraciés of thé coﬁputed fields around the boundaries when the amplitude
bécomes rélatively small.

Figures 53 and 54 show the exact and computed values of ?155 /ﬂﬁzfl
Some differences between the two diagrams sre noticeable when the amplitude
drops to about one-eighth of the maximum value. The computed field generally
doés not falloff as sharply as the exact field. Figure 55 shows the N -~ § and
E —-W’profilés.

‘Figures 56 and 57 presenf the exact and computed valiues of 3$P5 ?3;13 -
Thé'characteristics of these diagrams are very similar to those observed in

the previous figures. The profiles through the maximum are shown in Figure 58.

T. Coneluding Remarks

In this chapter, the results of investigation on the accuracy of computing
field components from total.field observations have been presented. It is found
tﬁat even for a simple model such as a prismatic body, the computed_field com—
ponents and their derivatives are accurate only in regions surrounding the
maximum emplitudes. As the amplitudes of the vafious derived fields start to
decay, the errors in computation increase.

In the case of actual measurements of the total field, the acéuracy in
- computing field cbmponénts will be much inferior to that obtained in this study.
Thélgradiénts and second horizontal derivatives of the computed components will
shoW‘largé errors. These errors will also be responsible for inacéuracies in

the computation of parameters of causative bodies. It can, therefore, be safely
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concluded that measurements of field componepnts, if and when possible, is much
preferable to the caleulation of these components with the help of total field

cbhservations.
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Chapter 2: Calculation of the Magnetization Vector

2

In thé previcus chapter, the magnetic? field components along three mutually
orthogonal directions were obtained from the total field measurements. These
Componénts aré used to determine the direction-cosines and the magnitudes of the
magnetization vectors associated With causative bodies. These unknown parameters
aré also computed with exact wvalues of the field coﬁponénts due to prismatic
bodiés. A comparison of the values of the parameters, as obtained from exact
and computed field components, is useful to evaluate the need for measuremeﬁts
of field components.

1. Method for the determination of the magnetization vector

The method adopted in this stﬁdy for the determination of the magnetization
Yéctor is essentially based on the theoretical tréatment of this subject by
Bhattacharyya ( 1967).

Lét us assume that over the folmé occupying the magnefi zed masses the
"magnétic dipole moment per unit volume has a fixed direction but wvariable
magnitude. If the direction is supposed %o have an inclination I and declination

D, and if the direction cosines are denoted by o /3 . and + , we have

M, = Mo ccs I ces D = My &
(2-1) I"{J- = M, cca I Aue D= M, lG 3
. ; '
P’lk - f“]c (254-4\. z - f“'?o R JN

Let us assume that the total magnetic moment of the magnetized mass in volume Vo

be denoted by

(2-2) Moo= / M, dwv,

vV
c
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It can be easily shown that

oo a3
x 1 +
{2-3) M, = /f wH A ody = 27 Y My :://7 Hy sboc dy
- o - oo - 00
. ) " 9;3
{2-4) M; = // X M, dx sy = R My
—. '
ot
(2-5) My = Mo elx s = 274 M
3 4 "3 7 A
-0
, 0o o0 '
Iy i
(2-6) f/ K H, dx dy = // s Hy, do dy = o
o0 ~0d .
(2-7) ot 4 1@»2 + 47 =

The declination and inclination of magnetization vector can be easily

éxpressed as ‘ .
(2-8) P = are cob (o(/\/;“fj;ﬁf)

' - /
(2-9) I = Sl A~ Y

Tﬁus in the case of three-component data, the magnitude and direction
- of the magnetization vector can be evaluated with the help of equation (2-3) to
(2-9).

As a matter of fact, only the moments of HZ and Hx in the above equations
are used here. From equation (2-3) it is easy to see that we can use the moment
of Hy instead of HX. Thus it can be concluded that HZ together with only one of
the two horizontal components is sufficient for caleculating the magnitude and

direction of the magnetization vector.
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Now.«jt, let us assume that thé total available range of integration in
the x direction runs from N = - MA/2  to X = Ma/2 and in the y direction,
from Y=. N3 to Yo NA/2 Whén the oi-igin of the coordinate system
is placed sbmeﬁhere near the center of the anomaly, where

M is the total -number of samples along the x axis,

N is the total number of samples é.long the y axis,

4 is the interval between the samples.

Therefore, from equation ( 2-3), (2-k) and (2-5) we can write

LI .
s
(2-10) R My = // W H, elx oy = M
| <
x Y »
(2-11} 2 Mo /f ”® H} el dy = N5
- X ._.T'
x Y
(2-12) ' 2”“:5 MT = /[ > H.?) dx ey = P’J;
X =Y
The integrals ( 2-10) -~ (2-12) are of the type

]}\
-X

X T
/ f{"-’i,)}l') A Ay .
-

Using the trapezoidal rule we have

b - N=- -
- - - = o~ ..,._ ’ L
(2-13) F("L) - / f (""; .‘]) "J'.Y ~ /5[ 2 7‘-,‘;0 + Z fxm + a fxu‘j *
— -\}; - Mz
Then using the same trapezoidal rule for the integrals F(x), we have
X . — | )
/F—'(rx‘) dx = 5 [:f; F, -+ Z F. + ._’;. Fm]
(2-1h4) —x , - mzi . ~ .

Assuming that f(x,y) tends smmothly to a very small value along the

boundary, we cean obtain the following approximation from (2-13) and (2-14):

M N

x Y )
(2-15) // Flx,y)ax &y = 3 Z Z o s

X A l' Yot
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vhere fn=1 Cms, ns)
By assumlng unit grid spac1ng and w1th equalltles replac1ng the approxima-
tion signs, the reasonable computational versions of equation (2-10) to (2-12)

are given by

¥
Mz
Mz
ko
3
T
A
3
3
I

,(2']?6) . _fvj)r_ = 2 < I‘“!T s
™z | "z
< ™M N ‘
(2-17) ME = S D %, Hp, T 2T Mp
=t M=l ; '
¥ MRS -
_ - - o ‘

3
I}
3
[}]

With the avallability of digital computers, the mumerical calculation
of the sbove equation is not very time-consuming.

2, Calculations and Reéults

Lourenco (1972) has calculated the magnitude and direction of the
magnetizatioﬁ"&eétdf using exact and computed values of three-component

magnetic data for different types of theoretical models.

In the present study also, a rectangular prismatic bedy is chosen as
the model and the magnétization of the body is assuﬁed to be arbitrary. The
parameters selected for the model are given below: .

2 = 16, 2b = 8, h = 6, =10, I_ =1.
B =3 T

The following two cases are then studied for examining the 1nfluence of the

geomagnetic field on the calculation of the directions of the magnetization vector:

(i) I. = 60° and D, L0

o]

(i1) I 15°,

30° and D
o : o

. e
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For thé:magnétization véctor, the inclination is initially fixed at 205
and the declination is variéd from Dolto 80°;;ilsteps of 10°. Then with the
helyp of_exaqt and computed fiéld components, thé'direction and inﬁensity of
the magnetization vector are détérmined with the method described in the previous
section. Studies have also been conducted for the case when the‘declination'
is 09 and the inclination changes at steps of 10° from 0° to 80°. Exact and
compﬁted field components are obtaiﬁed over a 64 x 64 grid for the calculation
of moments.

The results of calculation are given in tables (2-1) and (2-2). 1In
these two tables, D, I and I_ are the assumed values of declination, inclination,
and intgnsity of magnetization; Dl’ Il and Ipl are calculated values for exact

o 12 and IP2 are cbtained from computed field

components for the case, I = 60° and D, = 45°; and D3, I3 and Ip3 are also

three-component magnetic data; D

obtained fram computed field components f;r I, = 30° and D = 15°.

The deviation of declination which is the difference between the
assumed and compﬁted values of declination, is shown in Figureé 59 and 60 as
functions of inclination and declinﬁtion respectively of the magnetization vector.
in Figure 59, the declination has been kept fixed as shown in Table 2-1., Figure
- 60 cﬂorresponds to Table 2-2.

Two characteristies of the curves in Figs. 59 and 60 are to be noted..
First, the computed values of declination deviate with increasing error from
the correct values as the inelination of the magnetization vector increases.
Second, errors aré significanﬁly lérger for lower geomagnetic latitudes. A
comparison of the two curves for I_ = 60°, D_ = 45° and I, = 300,.D0= 15° shows
that the cqmputed declinations vary by about 3 - 5° over the entire range of

variation of the direction of the magnetization vector.
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Pigures 61 and 62 present the'déviation of the computed valqes of ineclina-
tion from the'correct‘valués &8s functioﬁs ogﬂinclination and declination regpectively,
in thié case also, errors in computation increase as thé géomagnetic latitude
of the observation point is decreased. Errors in values obtained from computed
field components decrease with increasing inclination and declination of the
magnetization vecto:, become zero and theﬂ start to increase with opposite signs.

No explanation is available for this particular characteristic of fhe errors.

Tables 2-1 and 2-2 show that the computed intensities of magnetization
are practieally constant for all possible directions of the magnetization vector
and differ by a constant from the éorrect value, This difference is mainly dﬁe

to the limited area of observations chosen for the calculation-of.moménts.

3. Concluding Remarks

The moments calculated from three-component magnetic data are not
affected by changes in inclination or declination of the magnetization vector.
Perhaps mpments could have been calculated with greater accuracy by choosing
larger areas with increase in dats points.
With exact values of field components the error in calculated declinations
is always less than {two degrees and the computed inclinations are within 1° of
the exact valueé. Tﬁe computed field components, as expected, give rise to
greater errors and these errors increase with reduction in geomagnetic latitude.
The calculations presented in this report show rather conelusively the
superiority of exact components over computed components in determiniﬁg the

magnetization vector with a reasonable accuracy.
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